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ON THE VARIATION OF STRENGTH DURING MOVEMENT 1 I 
The s i g n i f i c a n c e  of measurements of v a r i a t i o n s  i n  s t r e n g t h  
dur ing  movement with respec t  t o  remedial  e x e r c i s e s ,  des ign  
of a r t i f i c i a l  l imbs,  e t c . ,  i s  f i r s t  discussed.  The au thor  
desc r ibes  a(dynamometer f o r  measuring s t r e n g t h s  of va r ious  

a s soc ia t ed  wi th  s t a t i s t i c a l  va r i a t i  
I muscles i n  terms of a weighted pendulum, and problems 

a1 condi t ions  such as f a t igue .  .&-paper of Fran 

u te  s t r e n g t h  d&eded- 
I rti'en c r i t i c i z e d ,  and the authar's own M i n i t i a n  O€ &SO--- 
I . Reeklingha 
I 

I ments of hand movements are then  descr ibed  and compared 
w i t h  those of H e r z  wi th  which they are i n  good agreement. 

i k e w i s e  t h e  a u t h o r ' s  measurements f o r  ad- and abduction-. 
of t h e  leg agree  w t h  - ~ *,_I" those  n- Y m - "  02 B+eLhe,and F r a g - L e A x  
t e n s i v e  tests of h i p  and s t r e n g t h  of t h e  back mus- 
cles are then given f o r  2,000 people  of both sexes ,  and 
ages from 6 t o  60 years  and are found t o  agree  w e l l  wi th  
those of Qugtelet  and Dementjeff. 
s t r e n g t h  of t h e  l e f t  hand t o  l e f t h a  

' 

The r e l a t i o n  of t h e  

f o r  both men and women. 

I n  an earlier a r t i c l e  on the  absolu te  s t r e n g t h  of t h e  muscles i n  the  hu- 

man body1 I drew up t h e  fol lowing d e f i n i t i o n :  

The abso lu te  s t r e n g t h  of muscles i n  the  body under t h e  in f luence  of t h e  

w i l l  i s  the  g r e a t e s t  s t r e n g t h  t h a t  can be exe r t ed  i n  t h e  course of con t r ac t ion .  

I employed t h i s  la t ter  d e f i n i t i o n  because t h e  s t r e n g t h  w i t h  which a movement 

i s  made, undergoes continuous changes i n  t h e  course of t h i s  movement which, 

being dependent on t h r e e  f a c t o r s :  Schwann's l a w ,  mechanical r e l a t i o n s h i p s  and 

t h e  e x t e n t  of i nne rva t ion ,  are very  complicated. 

Now,however, w e  are engaged i n  seeking the  s o l u t i o n  t o  t h i s  problem, from 

two a s p e c t s ,  t h e  t h e o r e t i c a l  and t h e  experimental .  The f i r s t  way w a s  pursued 

'Nederlandscnr.  Tydschr. V.  Geneesk., 1912 and Pf lugers  Arch. f .  d .  ges .  
Phys io l .  - 160, 1915. 

- /Numbers i n  the  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  t e x t .  
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by von Recklinghausen2, t he  second by H e n 3  who h a s ,  however, publ ished few 

r e s u l t s .  Recently t h i s  problem has received a t t e n t i o n  from s e v e r a l  i nves t iga -  

t o r s  such as  Bethe and Schles inger  who conducted i n v e s t i g a t i o n s  of t h e  mus- 

c le  stumps t r e a t e d  according t o  Vanghetti and Sauerbach's method; Bethe and 

Franke6, who worked on both hea l thy  and amputated cases us ing  a dynamometer, 

t h e  au tho r7  and Franke8 who a l s o  used these  methods of measurement i n  o r d e r  t o  

arrive a t  the  abso lu te  muscle s t r eng th .  f 235 

It i s  no t  merely i n t e r e s t i n g  from a t h e o r e t i c a l  s t andpo in t  t o  l e a r n  about 

t hese  curves f o r  a l l  o r  a t  l e a s t  many movements of t h e  body, bu t  i t  a l s o  has 

g r e a t  use  i n  practice. The r e s u l t s  of t hese  measurements could perhaps be  

used i n  t h e  "Physiology of work'I9 i n  o rde r  t o  cons t ruc t  t h e  t o o l s  of work 

as economically as p o s s i b l e  i n  terms of t h e  Taylor  system, whi le  i n  a d d i t i o n  

t h e  experiments are very welcome as lending a s o l i d  b a s i s  f o r  t h e  t h e o r e t i c a l  

c a l c u l a t i o n s .  
- 

My a i m ,  however, w a s  s t i l l  another and, indeed,  t h e  fol lowing:  

The i d e a l  r e s i s t a n c e  movement i n  remedial  gymnastics would provide a 

2H. v. Recklinghausen. Mechanics of t h e  limbs and a r t i f i c i a l  limbs 

3M. Herz. Text f o r  remedial  exerc ises  (Lehrbuch d e r  Heilgymnastik) 

4A. Bethe. 

(Gliedermechanik und Lshmungsprothesen) B e r l i n ,  1920. 

Berlin-Wien, 1903. 

c i a l  limbs (Bei t rage  zum Problem d e r  w i l l k u r l i c h  bewegten Prothesen) Mffnch. 
med. Wochenschr., 1917. 

5Schlesinger .  Technical  u t i l i s a t i o n  of k i n o p l a s t i c  arm stumps (Tech- 
n i sche  Ausnctzung d e r  k inop las t i s chen  Armstumpfe) Dtsch. med. Wochenschr, 1920. 

6Bethe and Franke. 
a r t i f i c i a l  arms (Bei t rage  zum Problem de r  w i l l k i i r l i c h  beweglichen Armprothesen) 
Miinch. med. Wochenschr., 1919. 

verander ing  d e r  k rach t  tydens de Beweging) Neder. T i jd sch r .  V.  Geneesk., 1920. 

t i o n  (Die Kraf tkurve menschlicher iYIuskeln b e i  w i l lk i i r l i che r  Innerva t ion)  
Pfiigers Arch. i. d. ges.  Phys io l . ,  1920. 

i s a t i o n  phys io l .du  T r a v a i l ,  1917.  - Le Moteur Humain, 1914) J .  Amar. 

Cont r ibu t ion  t o  t h e  problem of voluntary  movement of a r t i f i -  

Cont r ibu t ion  t o  the  problem of voluntary  movement of 

7J. H. 0. R e i j s .  On t h e  v a r i a t i o n  of s t r e n g t h  dur ing  movement (Over de 

*Fr.  Franke. The s t r e n g t h  curve Of human muscles wi th  voluntary  innerva- 

9Phys io logica l  Organizat ion of work, 1917. The human motor, 1914 (Organ- 
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r e s i s t a n c e  which inc reases  during the  movement i n  t h e  same degree as t h e  

s t r e n g t h  of t h e  p a t i e n t  a l s o  increases  dur ing  t h i s  movement, o r  a t  least  w e  

want t o  make t h e  muscle work dur ing  the e n t i r e  du ra t ion  of t h e  c o n t r a c t i o n  and 

cont inuously a t  t h e  maximum. 

Ling w a s  t h e  f i r s t  t o  s ta te  t h i s  requirement.  For t h e  r e s i s t a n c e  he  took 

t h e  s t r e n g t h  of t he  remedial  gymnast who i s ,  during an e x e r c i s e ,  i n  a p o s i t i o n  

t o  provide t h i s  r e s i s t a n c e  i n  the  way des i r ed .  Zander cons t ruc ted  h i s  resis- 

tance  apparatus  according t o  t h i s  pr inc ip le1 .  

i ng  weights  as the  r e s i s t a n c e ,  s o  t h a t  the  f o r c e  va r i ed  s i n u s o i d a l l y ,  i t  i s  

then  r a t h e r  obvious t h a t  even i f  while  such moments a t  which the  s t r e n g t h  of 

t h e  p a t i e n t  and t h a t  o f f e red  by t h e  apparatus  are r e s p e c t i v e l y  maximum o r  

Since he took levers w i t h  s l i d -  

minumum, correspond f o r  t he  two, y e t  otherwise the  two f o r c e s  vary  i n  very d i f -  

f e r e n t  ways. Only t o  a s u p e r f i c i a l  inspec t ion  i s  t h e r e  matching i n  t h i s  case.  

For t h i s  reason I d id  n o t  agree  wi th  Lagrange2 when he a s s e r t e d  t h a t  w i th  

Zander's apparatus  the re  i s ,  "at a l l  s t ages  of the movement p e r f e c t  propor- 

t i o n a l i t y  between t h e  f o r c e  t o  be  overcome and the  f o r c e  deployed by t h e  mus- 

cle". 

I n  t h i s  Zander merely consul ted  h i s  own f e e l i n g s  when he  sought f o r  t he  

t i m e  dur ing  t h e  movement a t  which the  maximum o r  the  minimum s t r e n g t h  w a s  i n  

e f f e c t .  H i s  equipment w a s  n o t  much b e t t e r  than  t h a t  of Krukenberg wherein 

the  opposing f o r c e  remains unchanged during the  movement. Herz has now under- 

taken ,  as w a s  mentioned, t o  e s t a b l i s h  experimental ly  t h e  v a r i a t i o n  of muscular 

s t r e n g t h  exe r t ed  i n  a l l  s imple inovaxiits ,  b u t  has publ ished only 3 d i a g r a m  

s i n c e  h e ,  as he informed me i n  a p r i v a t e  communication, be l ieved  t h a t  t h e r e  

Zander, Stockholm. 

M6chano-Thgrapie) P a r i s ,  1909, pp. 26-27. 

/ 236  

'Lever t in ,  medico-mechanical exe rc i se s  (Gymnastique mgdico-rn6canique) 

2Methodical movements and mechanotherapy (Les Mouvements m6thodiques e t  l a  
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w a s  n o t  much i n t e r e s t  i n  t h e  work. Bethe andFrankepubl i shed  curves of var -  

i ous  arm movements. 

I n  o rde r  t o  f l e s h  out  my d e f i n i t i o n  of abso lu t e  power, I have repea ted  

these  measurements of varying s t r e n g t h  dur ing  d i f f e r e n t  movements and have had 

a dynamometer cons t ruc ted  which has  a c e r t a i n  resemblance t o  t h a t  of Herz. 

This  dynamometer c o n s i s t s  of (Fig.  1) a s t and  A ,  on which wheel B i s  mounted, 

t he  l a t t e r  having 60 holes  spaced 6O a p a r t .  

around t h e  a x i s  of t h e  wheel can now be f i x e d  a t  each of t h e  ho le s  by means of 

a p i n  and can be locked by the  n u t ,  D. A handle ,  E ,  can be screwed f a s t  t o  

t h i s  f o r k  a t  va r ious  d i s t ances  from the middle po in t .  Under wheel B s i ts  a 

much smaller wheel F and on i t  a pendulum, G ,  w i th  a s l i d i n g  weight ,  H ,  and a 

p o i n t e r ,  I ,  moves over a graduated a rc .  A s t r i n g ,  L ,  i s  now wound around 

A f o r k ,  C y  which can be moved 

I 

Fig. 1 

wheels B and F and a t t ached  t o  t h e  l a t t e r  by a p i n ,  M ,  s o  t h a t  F always t u r n s  

i n  the same sense  as B y  s o  t h a t  t h e  po in te r  always moves over the graduated 

arc. The f o r c e  due t o  t h e  pendulum G then i n c r e a s e s  as the  s i n e  of t h e  devia- 

4 



I 

t i o n .  Because of t h e  l a r g e  d i f f e rence  i n  t h e  circumferences of B and F 

( r e s p e c t i v e l y  1615 and 135 mm, t h a t  i s  12: l )  F w i l l  t u r n  through a l a r g e  ang le  

when B t u r n s  through a s m a l l  angle  and the  opposing f o r c e  r ap id ly  increases. 

The person t o  be t e s t e d  i s  now so pos i t ioned  t h a t  t h e  a x i s  of t h e  j o i n t  t o  be 

i n v e s t i g a t e d ,  e . g . ,  t h e  e lbow-joint ,  accu ra t e ly  forms an ex tens ion  of t h e  a x i s  

of B. Then t h e  p o s i t i o n  of t h e  p a r t  remaining a t  rest, i n  t h i s  case t h e  upper 

arm, i s  read off  w i th  regard t o  t h e  wheel B. Then t h e  handle i s  s o  mounted 

t h a t  t h e  person can e a s i l y  c l a s p  i t .  Thereupon t h e  f o r k  C i s  brought i n t o  

t h e  p o s i t i o n  from which the  fo rce  i s  t o  be i n v e s t i g a t e d  and t h i s  p o s i t i o n  i s  

recorded as a l s o  i s  t h a t  of t he  handle on t h e  fo rk .  While t h e  upper a r m  i s  

now he ld  f i rmly  and the  f e e t  and t h e  back have a l s o  rece ived  t h e  necessary  

suppor t ,  t h e  person being t e s t e d  bends h i s  a r m ,  and immediately the  p o i n t e r ,  

I ,  s t r i k e s  out  and t h e  pendulum e x e r t s  a s t r o n g  f o r c e  by means of a s c a r c e l y  

p e r c e p t i b l e  tu rn ing  i n  t h e  elbow-joint.  Spec ia l  care should be taken t h a t  t he  
__ 

person carries out t h e  movement slowly and uniformly. 

The p o s i t i o n  of t h e  p o i n t e r  is recorded and t h i s  va lue  i s  reduced t o  t h e  

number of kilograms according t o  the  c a l i b r a t i o n ,  which w e r e  opera t ing  on t h e  

handle  E ,  o r  what i s  s impler  and equal ly  accu ra t e ,  t h e  s i n e  of t he  d e f l e c t i o n  

angle  w i l l  i t s e l f  be taken i n s t e a d  of t h e  angle .  For i n  a l l  these  tests I w a s  

much more i n t e r e s t e d  i n  re la t ive values than i n  abso lu te  s t r e n g t h s .  

Th i s  va lue  a l s o  g ives  a measure  of t he  f o r c e  wi th  which a p a r t i c u l a r  I 2 3 7  

movement can happen. Since we a r e  now s tudying  t h i s  f o r c e  from a number of 

a s p e c t s ,  w e  s h a l l  provide a p re sen ta t ion  of t he  behavicr ,  

t h e  f o r c e  dur ing  t h i s  motion. 

of t h e  v a r i a t i o n  of 

How s h a l l  we  now go about t hese  measurements? 

I n  t h e  f i r s t  p l a c e  i t  proved t h a t  t h e  same person on d i f f e r e n t  days wi th  

5 



t h e  s a m e  p o s i t i o n  of t h e  weight ,  r e g i s t e r e d  d i f f e r e n t  va lues  of t h e  fo rk  and 

handle  p o s i t i o n s .  This  i s  r e l a t e d  t o  t h e  state of mind, t h e  in f luence  of which 

w a s  very  noteworthy, and wi th  g rea t e r  o r  less s t a t e  of w e l l  be ing ,  t i r e d n e s s ,  

etc. Thus, I proceeded t o  t ake  a l l  t h e  phases of a movement t o  be t e s t e d  one 

a f t e r  another  and some days later inves t iga t ed  t h e  movement i n  r eve r se  o rde r  

of phases  i n  order  thereby t o  exclude t i r e d n e s s  which might have appeared i n  

t h e  later s t ages .  This  happened with some persons ( 4  t o  1 0 ) .  I f  less than 10 

persons were i n v e s t i g a t e d ,  t h e s e  were s e l e c t e d  from a g r e a t e r  number and w e r e  

those  which showed t h e  most uniform r e s u l t s  i n  10 succeeding measurements of 

a s p e c i f i c  movement, which I selected t o  be the  bending of t h e  elbow-joint.  

The reason t h a t  I i n i t i a l l y  undertook measurements on t e n  persons ,  and 

repea ted  the  tests f o r  t h e s e  t e n  t imes,  which themselves cons i s t ed  of a m e a -  

surement of 10 t o  1 4  p o s i t i o n s ,  and the reason t h a t  I later however, l i m i t e d  

a l l  t h e s e  numbers, l ies i n  my experience,  con t r a ry  t o  t h a t  of Herz, t h a t  al-  

though t h e r e  w e r e  no permanent harmful consequences, y e t  c e r t a i n l y  temporary, 

r a t h e r  d i sag reeab le  e f f e c t s  revea led  themselves i n  t h e  persons being t e s t e d .  

On one day when w e  w e r e  i n v e s t i g a t i n g  t h e  sup ina t ion  of t h e  hand, one of t h e  

women being t e s t e d  f o r  example, menstruated some days e a r l y  and wi th  unaccus- 

tomed v io lence .  And even i f  t h i s  i s  not  a harmful r e s u l t ,  i t  s t i l l  shows what 

__ 

an e f f e c t  t hese  tests can have. 

Also headaches,  d izzy  s p e l l s  i n  e l d e r l y  persons and p a i n f u l  muscles f r e -  

quen t ly  appeared. 

L e t  u s  now come t o  my r e s u l t s  and I want t o  begin wi th  t h e  p l a n t a r  f i ex -  

i o n  of t h e  f o o t  which w a s  t h e  s t a r t i n g  po in t  of t h e  whole i n v e s t i g a t i o n .  I 

s tud ied  t h i s  movement wi th  f o u r  persons,  f o r  both t h e  r i g h t  and t h e  l e f t  f o o t ,  

and f o r  f o u r  p o s i t i o n s  i n  each case. The tests were c a r r i e d  out  twice as w e  



s a i d ,  i n  o rde r  t oexc lude  t h e e f f e c t  of f a t i g u e  (which fur thermore w a s  no t  g r e a t ) .  

The r e s u l t  of t h e  measurement i s  as fol lows (Test 1 2 1  t o  1 3 4 ) :  

Stroke of t h e  
Angle of t h e  J o i n t  pendulum S i n  x 100 Force i n  kg 
114" ( p l a n t a r  f l ex ion )  36 " 59 384 
102" 46" 72 463 

90' (normal pos i t i on )  60" 87 560 
78" (do r sa l  f l e x i o n )  68' 93 59 8 

The f o r c e  thus inc reases  wi th  t h e  ex tens ion  of t h e  c a l f  muscle as i s  t o  

be expected i n  such a simple mechanical r e l a t i o n s h i p  as w e  have he re .  The 78' 

p o s i t i o n  should be noted as the  s t ronges t  d o r s a l  f l e x i o n .  1238 

Since  i n  my f i r s t  tests of t h e  s t r eng th  of t h e  c a l f  muscles,  t h e  bend i n  

the  f o o t  j o i n t  w a s  90" and i n  my d e f i n i t i o n o f t h e  abso lu te  s t r e n g t h ,  I treat- 

ed t h i s  as the  g r e a t e s t  s t r e n g t h  which arises dur ing  a movement. Then another  

~ 6 / 8 7  must be  added t o  t h e  prev ious ly  given f i g u r e  of 5.25 kg p e r  square  cen t i -  - 

meter of phys io logica l  c ros s  s e c t i o n  and thus w e - a r r i v e  a t  about 5.6  kg p e r  

square cent imeter  of phys io logica l  cross s e c t i o n .  

I must t ake  advantage of t h i s  opportuni ty  t o  mention a paper by Fr .  Frank2 

which r e c e n t l y  appeared, p e r t i n e n t  t o  abso lu t e  muscle s t r e n g t h .  It given t h e  

fo l lowing  d e f i n i t i o n .  

Absolute  muscle s t r e n g t h  i s  the  maximum s t r e n g t h  ( t ens ion )  p e r  square  1 1  

cent imeter  of phys io log ica l  c ros s  s e c t i o n  p l ane ,  which the  muscle i s  i n  a con- 

d i t i o n  t o  e x e r t  wi th  maximum innerva t ion  and favorable  length."  

I must h e r e  remark t h a t  a d i f f e rence  s t i l l  remains - which does n o t  ar ise  

from t h i s  d e f i n i t i o n  - between the  absolute  muscle s t r e n g t h  of a muscle as a 

whole, which i s  t h e  s u b j e c t  of my d e f i n i t i o n ,  and t h e  p e r  square  cent imeter  

'Pfli igers Arch. f .  d. ges .  Physiol.  184, 1920.  

7 



of phys io log ica l  c ros s  sec t ion .  

I n  a l l  t h e s e  d e f i n i t i o n s  maximum inne rva t ion  must be taken as a matter of 

course s o  t h a t  t h i s  no longer  needs t o  appear i n  t h e  wording of t h e  d e f i n i t i o n .  

However, t h e r e  e x i s t s  i n  t h i s  d e f i n i t i o n  a tau to logy .  The, " favorable  

length",  i s  indeed the  l eng th  a t  which t h e  muscle e x e r t s  i t s ,  "maximum 

s t r eng th"  . 
I have brought t h i s  out  while  I w a s  t a l k i n g  about t h e ,  " g r e a t e s t  

s t r eng th" ,  which can be exer ted  i n  the course of t h e ,  ' ' contract ion ' ' .  Thus, I 

must then  a l s o  r e f e r  back t o  Franke's remark: "it would have been b e t t e r  i f  

I had s t i p u l a t e d  a p a r t i c u l a r  muscle length".  

t h a t  i s ,  taken t h a t  length  a t  which the s t r e n g t h  i s  g r e a t e s t  ( t h e  most favor- 

Rea l ly  I have indeed done t h i s :  

a b l e  length)  which Franke a l s o  d id .  Hence, I can n o t  perce ive  the  improvement 

which t h e  d e f i n i t i o n  of Franke hoped t o  c o n t r i b u t e  and b e l i e v e  t h a t  a l l  t h a t  

i s  contained i n  h i s  d e f i n i t i o n  a l s o  e x i s t s  i n  mine. 
~ 

I would a l s o  then be blamed because I took as a foundat ion t h e  va lues  f o r  

s t r e n g t h  obtained w i t h  t h e  test  volunteers  and t h e  measurements of anatomical  

p repa ra t ions .  

Th i s ,  however, I a l s o  hold t o  be f a l s e .  I have indeed made use of ana- 

tomica l  p repa ra t ions  i n  order  t o  be a b l e  t o  form a judgment on t h e  c a l f  mus- 

cles and e s p e c i a l l y  on t h e  succession of phases ,  t he  su r faces  and t h e  circum- 

fe rence .  However, I have then  ca l cu la t ed  t h e  volumes of t h e  c a l f  muscles of 

t h e  people  t e s t e d  according t o  cas t ings  i n  p las te r  of P a r i s .  

And d i d  no t  Franke act  i n  the  same way? H e  t oo  measures t h e  circumfer- 

ence and t h e  c r o s s  s e c t i o n s  of p repa ra t ions  and then  t h e  circumferences of t he  

arms of t h e  people  under tes t .  

I n  a d d i t i o n ,  he a l s o  h a s  t o  measure t h e  lever - length  and app l i ca t ion  
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p o i n t ,  e t c . ,  on p repa ra t ions  

photography, a c o n t r o l  which 

although he possesses  a control-method i n  x-ray 

i n  my opinion should only be employed wi th  the  

g r e a t e s t  care. 

Since Weber ' , t h e  p o s i t i o n  on t h e  t o e s  has  always been taken as t h e  

movement f o r  which abso lu te  s t r e n g t h  w a s  c a l c u l a t e d ,  because f a i r l y  simple 

anatomical  and mechanical r e l a t i o n s  then pers i s t .  

Franke, however, chose bending and s t r e t c h i n g  of t h e  elbows. Although / 2 3 9  

i t  i s  d e s i r a b l e  t o  become acquainted with t h e  abso lu te  s t r e n g t h  of o the r  mus- 

c le  complexes, and however noteworthy t h e  e f f o r t s  of Franke may be ,  i t  appears  

t o  m e  t h a t  t h e r e  i s  here  a much g rea t e r  p o s s i b i l i t y  of inaccuracy.  This  f e a r  

does n o t  become less i f  w e  read t h a t  t he  th i ckness  of t h e  s o f t  p a r t s  w a s  de- 

termined only,  "approximately" (p. 317) , and t h a t :  " the very  complicated re- 

l a t i o n s h i p s  between t h e  two muscles had t o  be g r e a t l y  s impl i f i ed"  (p. 3 1 4 )  and 

t h a t ,  " the s i z e  of the  lever-arm found i n  t h i s  way f o r  t h e  b i c e p s a n d b r a c h i a l i s  

d i d  n o t  g r e a t l y  dev ia t e  from t h a t  which 0. F ischer  ob ta ined  from h i s  ca lcu la-  

t i ons"  , etc.  

__ 
~ 

The attachment of t h e  muscles must be brought t o  a s i n g l e  po in t :  t h e  

advantage which t h e  d i f f e r e n t  muscles b r ing  i n t o  motion 

e tc .  

must be c a l c u l a t e d ,  

The cons t ruc t ion  of t h e  t r i c e p s  f u r t h e r  appears  so developed t h a t  cal- 

c u l a t i o n  of t h e  phys io log ica l  c r o s s  sec t ion  w a s  d i s regarded .  On t h i s  account 

Franke made h i s  c a l c u l a t i o n s  only with t h e  anatomical  s e c t i o n .  

t h e r e f o r e ,  came t o  only a s m a l l  va lue .  

This  number, 

I must a l s o  remark t h a t  t he  l a c e r t u s  f i b r o s u s  appears  t o  have been fo r -  

g o t t e n .  

'Uict ionary of Physiology (iiandw6rterbuch de r  Physiologie)  , 1846. 
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I n  t h e  Table which Franke g ives  of t h e  va lues  of abso lu t e  muscle s t r e n g t h  

found by d i f f e r e n t  workers,  s tand  some numbers which I would a l s o  mention b u t  

about which I would state how and i n  what d i r e c t i o n  they should be improved. 

From t h i s  i t  occurs  t o  me t h a t  f o r  the same muscle groups,  t h e  va lues  of Henke 

(5.56 k g ) ,  Knorz (5.9 kg) Hermann (6.24 kg, somewhat too  b ig )  and those  of 

mine (5.6 kg) are s u f f i c i e n t l y  c l o s e  t o  each o t h e r .  

We now consider  t h e  numbers obtained by Franke, i n  more d e t a i l .  Here 

fo l lows  h i s  t a b l e .  

General 
Be D i  F r  Average Average Bend 

T r i c e p s  16.8 17.9 19.8 
Biceps 11 .4  12.4 8 . 9 ' 1  13.5 ] 11.1 ( f o r c e  i n  kg 
B r a c h i a l i s  12 .1  12.5 9.7 p e r  s q .  cm.) 

It must then  a s t o n i s h  u s  t h a t  wi th  the test  s u b j e c t s  F r . ,  t h e  s t r e t c h i n g  f o r c e  

p e r  square  cent imeter  i s  g r e a t e r  than wi th  o t h e r  people  while  t h e i r  bending 

s t r e n g t h  i s  smaller; t h a t  t h e i r  s t r e t c h i n g  s t r e n g t h  i s  more than  twice as g r e a t  

as t h e i r  bending s t r e n g t h  whi le  w i t h  o the r  people  t h i s  r a t i o  i s  much smaller; 

t h a t  d e v i a t i o n s  of about 50% of t h e  mean appear i n  a t o t a l  of 9 numbers; t h a t  

a l l  t h e  numbers are much g r e a t e r  than  were p rev ious ly  found, which mostly are 

obta ined  wi th  l e g  muscles. These r e s u l t s  appear t o  m e  n o t  l i k e l y  t o  i n s p i r e  

g r e a t  confidence i n  t h e  methods used,  e s p e c i a l l y  when w e  t ake  i n t o  account 

t h e  arguments of Recklinghausen ( loc .  c i t . ) .  The l a t t e r  b e l i e v e s  and even 

grounds h i s  f u r t h e r  i n v e s t i g a t i o n s  on t h i s :  t h a t  va r ious  cons t an t s ,  i nc lud ing  

K ,  t h e  abso lu te  muscle s t r e n g t h ,  "are one and t h e  same f o r  a l l  human s k e l e t a l  

'This number w a s  given i n  the  summary: 8.2. 
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muscles" (p. 18) an opinion which I can no t  a t  t h e  moment accept .  

Henke and Knorz found f o r  the f l e x o r  of t h e  a r m  t h e  va lue  of 8.991 kg 

f o r  t h e  r i g h t  and 7.38 kg f o r  t h e  l e f t .  

I c i t e  these  f i g u r e s  because here,  n a t u r a l l y ,  an experimental  method i s  

used. 

I n  my earlier a r t i c l e  i n  t h i s  j o u r n a l 2  I posed t h e  ques t ions :  Does / 240  

t h e r e  e x i s t  an e s s e n t i a l  d i f f e r e n c e  between t h e  muscle on t h e  r i g h t  and on t h e  

l e f t ?  

Is t h e r e  a s p e c i a l  d i f f e r e n c e  between the  d i f f e r e n t  muscles of t h e  human 

body; i n  p a r t i c u l a r  are the  l e g  muscles s t ronge r  than  t h e  more d e l i c a t e  arm 

muscles: Questions which have no t  i n  t h e  meantime been solved. 

Von Recklinghausen a l s o  gave a f igu re  f o r  t h e  abso lu te  muscle s t r e n g t h ,  

namely, 3.6 kg. 

brought i n t o  agreement w i t h  my f i g u r e  of 5 .5  kg. W e  s h a l l  then  see t h a t  t h e r e  

W e  now wish t o  i n v e s t i g a t e  t o  what e x t e n t  t h i s  f i g u r e  may be 
__ 

i s  s u b s t a n t i a l  agreement. 

Von Recklinghausen s t a t e d ,  as  h i s  d e f i n i t i o n  of t h e  abso lu te  s t r e n g t h ,  

t h a t  f o r c e  which t h e  muscle can e x e r t  when i t  has  i t s  n a t u r a l  l ength ;  whi le  I 

took t h e  g r e a t e s t  s t r e n g t h  t o  be t h a t  which t h e  muscle can e x e r t  during con- 

t r a c t i o n .  We both considered t h e  s t ronges t  degree of i nne rva t ion .  W e  are now 

i n v e s t i g a t i n g  how g r e a t  t h i s  s t r e n g t h  i s  when w e  cons ider  h i s  Fig. 18a and h i s  

Table 111. It then  appears  t h a t ,  a t  t he  n a t u r a l  l e n g t h ,  a f o r c e  of 1 2 . 1  kg 

can be exe r t ed ,  and t h a t ,  however, a force  of 17.8 kg can a l s o  be exer ted  

(Test  4 ) .  This  i s  perhaps no t  t h e  very g r e a t e s t  f o r c e  which t h e  m w c l e  czn 

develop. On d iv id ing  t h i s  number by the  c ros s  s e c t i o n  (Q = 3.36 sq cm) w e  

Ze i t s ch r .  ra t .  Med. 1865 and 1868 Disser ta t ion ,  Marburg, 1865. 
Vol. 160, 1915. 
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then  o b t a i n  t h e  abso lu te  s t r e n g t h  i n  accordance with my d e f i n i t i o n  as 5.3 kg 

and t h i s  approaches my va lue  of 5.6 kg ve ry  c lose ly .  

I f  w e  now pursue t h e  matter i n  the oppos i te  d i r e c t i o n ,  t h a t  i s ,  now 

a t tempt  t o  reduce t h i s  f i g u r e  obtained by m e  t o  t h a t  a t  t he  n a t u r a l  muscle 

l eng th ,  w h i l e  w e  make use of von Recklinghausen's t a b l e s ,  w e  aga in  encounter  

t h e  d i f f i c u l t y  t h a t  t h e  extended length  of t h e  gastrocnemius and so leus  occur 

a t  d i f f e r e n t  angles ,  namely, a t  80° f o r  t h e  s o l e u s  and a t  700 f o r  t h e  gas t ro-  

cnemius (Table XXI) .  I f  we  t ake  t h e  angle  under t ens ion  f o r  t h e  Ach i l l e s  ten- 

don w i t h  t h e  s t r e t c h e d  knee as 700 (para  14h) and c a l c u l a t e  t h e  abso lu te  

s t r e n g t h  f o r  t h a t ,  then  I a r r i v e  a t  a f i g u r e  of 4.05 kg which a l s o  aga in  i s  

n o t  very  f a r  from t h a t  of Von Recklinghausen: 3 .6  kg. 

Von Recklinghausen's c a l c u l a t i o n s  are too  clever and t o o  l o g i c a l l y  

c a r r i e d  out  f o r  me t o  make many comments thereon.  However, i t  occurs  t o  m e  

t h a t ,  e s p e c i a l l y  i n  the  c a l c u l a t i o n s  of Q ,  t h e r e  i s  too  much leeway f o r  in -  
~ 

a c c u r a c i e s  f o r  m e  t o  t ake  h i s  f i g u r e s ,  without  more ado, t o  be as accura t e  as 

my own. 

There remains only t h e  ques t ion  of d i scuss ing  which i s  t h e  r i g h t  d e f i n i -  

t i o n  of abso lu t e  s t r e n g t h ,  t h a t  i s ,  a t  which l eng th  of muscle we  w i l l  ob t a in  

t h e ,  ' ' abso lu te  s t rength" :  t h e  l eng th  a t  which the  g r e a t e s t ,  t h e  "absolu te  

s t rength ' '  can be  exe r t ed ,  o r  another  length ,  f o r  example, t h e  " n a t u r a l  length" 

as von Recklinghausen p u t s  i t .  

I n  t h i s  connect ion i t  might be mentioned t h a t  t he  n a t u r a l  l eng th  should 

be considered from va r ious  f a c t o r s ,  some of which must be measured on the  

cadaver;  and t h a t  f o r  v a r i o u s  muscles wi th  tendons d i f f i c u l t  t o  ga in  access  

t o ,  t h e  extended l eng th  i s  very  d i f f i c u l t  t o  c a l c u l a t e ;  t h a t  t h e  extended 

l e n g t h  of va r ious  muscles cooperat ing i n  a movement i s  d i f f e r e n t  ( f o r  example, 
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gastrocnemius and soleus) and that, in conclusion, the natural length, that / 2 4 1  

is the length of the muscle which is not shortened by innervation, has little 

to do with the absolute strength which is the strength at the greatest possi- 

ble innervation. On all these grounds it seems to me that my definition, 

which comes immediately from experiments for determining this magnitude, is 

more reasonable. 

One becomes aware of this by comparing the figures for the absolute 

strength, that there is no agreement with respect to the definition. Attempts 

have been made, as I did earlier, to reconcile the numbers. 

Von Recklinghausen's observations are indeed worth more attention. For 

this reason I have also commenced to verify several of his experiments and 

hope shortly to return to this matter. 

One matter, however, I should like to point out now since I have already 

published an earlier investigation hereon, namely, on the stretch-curve of 

noninnervated and weakly innervated muscles, or, as von Recklinghausen desig- 

nates it, the length-tension relationship of noninnervated muscles and of mus- 

cle innervated to less than maximum. 

My method, as a method for investigating the tonus and the influences 

which make themselves felt thereon, is a repetition of the experiments of 

Mosso and Benedicenti l .  For that reason I also call my apparatus the 

myotonometer. While,however, Kosso experimented with the foot, I chose on 

various grounds the ring finger of the right hand and while immobilizing the 

hand and the bottom-joint by ;r,eans of the apparatus and the end-joint 5y Eeans 

of a finger-ring with a pin, I obtained exclusively a movement in the joint 

between the bottom and the middle phalanx and thus a stretch of the M. flexor 

Arch. ital. de B i o l . ,  1896. 
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digi torum subl imis ,  t he  very same muscle on which von Recklinghausen made h i s  

tests. 

I n  o rde r  t h a t  t h e  outward-stretching fo rce  should always work perpendi- 

c u l a r l y  on t h e  f i n g e r ,  I placed t h e  band on which t h e  weight i s  a t t ached  about 

a wheel on whose middle p o i n t  t h e  moving j o i n t  rests. Fig.  2 makes t h i s  c lear ,  

Fig. 2 

The outward-stretching i s  der ived from t h e  inf low of w a t e r  which can a- 

~ ga in  f low out  through an opening i n  the vessel. This  vessel i s  neve r the l e s s  

balanced out  by means of a counterweight so t h a t  a t  t h e  beginning of t h e  ex- 

periment no weight i s  ope ra t ing  on the  f i n g e r .  

I f  I now ske tch  the  s t re tch ing-curve ,  then I s h a l l  o b t a i n  a l i n e  as 

shown i n  Fig.  3 .  This  curve ag rees  q u i t e  c l o s e l y  wi th  t h a t  which Moss0 ob- / 2 4 2  

t a i n e d  w i t h  t h e  c a l f  muscles,  wh i l e  the  ob jec t ion  which von Recklinghausen 

r a i s e d  a g a i n s t  MOSSO'S method (unlacing of the  f o o t ,  t h e  f a c t  t h a t  t h e  sanda l s  

d i d  n o t  remain f ixed )  i s  n o t  v a l i d  i n  my method. 

Fig. 3 
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The s i m i l a r i t y  of t h e s e  r e s u l t s  speaks w e l l  f o r  t h e i r  co r rec tness .  

I publ ished t h i s  method as e a r l y  as 1917 ', and i n  1920 made a r e p o r t  of 

2 t h e  r e s u l t s  which w e r e  obtained wi th  t h i s  myotonomotor 

While t h e  f i n g e r  w a s  l e f t  q u i t e  s l a c k  i n  my experiments ,  one should here  

speak of ex tens ion  curves o r ,  length- tension curves of t h e  noninnervated mus- 

cle.  

I f  we now compare these  curves  with those  of von Recklinghausen, we then 

f i n d  two g r e a t  d i f f e rences :  

1. Von Recklinghausen's curves  c o n s i s t  of t h r e e  p a r t s  forming angles  

wi th  each  o the r .  

2. These ang le s  are n o t  open above. There i s  thus  formed a broken, con- 

cave l i n e  opening upwards whi le  mine is convex upwards. 

Von Recklinghausen, who i s  acquainted wi th  Mosso's i n v e s t i g a t i o n s  as 
__ 

w e l l  as those  of Langelaan who a l so  obta ined  gen t ly  curving l i n e s  without  

co rne r s ,  a t tempted t o  e x p l a i n  t h i s  d i f f e rence  by po in t ing  t o  t h e  i r r e g u l a r  

s t r u c t u r e  of t h e  c a l f  muscles,  whereby t h e  va r ious  f i b e r s  come t o  t h e i r  natu- 

r a l  l e n g t h s  a t  d i f f e r e n t  p o i n t s  i n  t i m e  - This  explana t ion  i s  however no t  

v a l i d  f o r  my curves  which are obtained on the  same muscle as  t h a t  on which he 

experimented. For t h e  explana t ion  of t h i s  d i f f e r e n c e  however, t h e  fol lowing 

p o i n t s  should be noted:  

4 

W e  commence wi th  t h e  rest length  of t h e  muscles;  von Recklinghausen ca l -  

c u l a t e s  h i s  curve from t h e  n a t u r a l  l ength  on, and t h i s  rest l eng th  is  a l i t t l e  

Handelingen XVI Ned. N a t  e n  Geneeskundig Congres 1917. 

Arch. f .  Phys io logie  1901. 
2Nederlandsch.  T i jdsch r .  v. Geneesk. 1920; 2e. H e l f t .  No. 26. 

4 A l s o  f o r  t h i s  reason I d id  not regard  t h e  de te rmina t ion  of t h e  abso lu te  
s t r e n g t h  a t  t h e  n a t u r a l  l eng th  as va l id .  
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. .  

l a r g e r  s i n c e  t h e r e  i s  a s t r e t c h  due t o  t h e  opposing muscle. 

on ly  a s m a l l  lengthening of t h e  muscle. 

Our curves  show 

I n  my experiments only one j o i n t  of t he  f o u r  over which t h e  sa id  muscle 

pas ses ,  i s  moved and then  only over  a p a r t  of i t s  range of movement. Now I 

load  t h e  muscle s t i l l  more than  w a s  ever necessary  i n  my experiments on t h e  

tonus ,  then  i t  t u r n s  out  t h a t  t h e  length becomes g r e a t e r  only slowly and t h a t  

indeed t h e r e  i s  then agreement wi th  t h e  curves of von Recklinghausen. 

/243 

Thus i n  our  curves ,  t h e  g" p a r t  of von Recklinghausen does no t  appear and 

i n  regard  t o  t h e  remark about t h e  rest l eng th ,  perhaps 5 a l s o  does no t  appear ,  

so  t h a t  w e  now have t o  d e a l  only with t h e  2' p a r t  which he a s c r i b e s  t o  t h e  

tonus  of t h e  muscle (para. 22g) wi th  which I a m  i n  agreement. 

Von Recklinghausen works s t a t i s t i c a l l y ;  we  proceed dynamically by v i r t u e  

of t he  inf low of t h e  water and i t  i s  w e l l  known how g r e a t  an in f luence  i s  de- 

r i v e d  from t h e  method by which the  muscle comes t o  a p a r t i c u l a r  length .  

F i n a l l y  i t  should be remarked t h a t  t h e  n a t u r a l  l eng th  i s  not  a cons t an t ,  

and t h e  tonus has  t h e  proper ty  of wanting t o  main ta in  a c e r t a i n  l eng th  ( t h e  

p l a s t i c  tonus (Sherr ington)  o r  tonus- level  as I c a l l e d  i t ) .  

From t h i s  i t  i s  ev iden t  t h a t  t he  f i r s t  p a r t  fo l lows  a r i s i n g  course - 

t h e  p a r t  of i nc reas ing  tens ion .  There i s ,  however, a l i m i t :  t h e  tonus y i e l d s ,  

t h e  muscle lengthens  and we see a more o r  less s t e e p  p a r t  of t he  curve whereas 

a t  the  same t i m e  t h e  tonus test  is  ended. Th i s  p a r t  i s  t h a t  of i nc reas ing  

l eng th .  

I f  now t he  load  i s  not  excess ive ,  then  t h e  l i n e  w i l l  run  very  n e a r l y  ho r i -  

z q n t a l l y  , when t h e r e  i s  an "allongement subs4quent" (subsequent lengthening)  ; 

i f  t h e  weight i s  decreased,  then  t h e  muscle s h o r t e n s  only very  slowly and i n  

t h e  end f a s t e r ,  bu t  i n  a d d i t i o n  i t  only r a r e l y  r e t u r n s  t o  i t s  o r i g i n a l  l eng th .  
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c 

There i s  a " r e s i d u a l  lengthening" which von Recklinghausen does not  wish t o  

acknowledge, bu t  which I m e t  w i th  i n  the  g r e a t  ma jo r i ty  of my experiments.  

Only i n  a few experiments i n  which I f i rs t  l e t  the  muscle l i e  f o r  some t i m e  

i n  s t a t i c  con t r ac t ion ,  (2  minutes w i t h  1 kg) d id  I see a r e s t o r a t i o n  even 

f u r t h e r  than  t o  t h e  o r i g i n a l  l e n g t h  (where i t  should immediately be s topped) .  

Therefore ,  t h i s  non-res tora t ion  cannot be ascr ibed  t o  experimental  e r r o r s .  

Here a l s o ,  i n  t h e  length- tension curve of t h e  noninnervated muscle, I 

be l i eve  my p r e s e n t a t i o n  - " la  forme de casque" (helmet-shaped) as Benedicent i  

des igna ted  i t  - should be t r e a t e d  as the  r i g h t  one; however, t h i s  i s  only a 

s m a l l  p a r t  of von Recklinghausen's curves;  i n  t h e  end, t h e  d i f f e r e n c e  i s  not  

t oo  g r e a t .  However, as  long as  tonus p l a y s  a p a r t  i n  t h e  extension-curve,  we  

do not  a r r i v e  a t  a s t r a i g h t  l i n e .  I hope s h o r t l y  t o  be a b l e  t o  r e p o r t  i n  more 

d e t a i l  on these  experiments too.  
~ -. 

Now, another  few words on t h e  muscle which i s  innerva ted  less than the  

maximum. 

I n  t h a t  case one commences wi th  the  assumption which u n t i l  now w a s  v a l i d  

almost i n  gene ra l ,  t h a t  wi th  an innerva t ion  s t r e n g t h  of 1 / 2 ,  1/4, e t c . ,  the  

whole muscle comes gradual ly  i n t o  con t r ac t ion .  The experiments  of Keith- 

Lucas, and Kra f t  and Eisenberger  ' 
and w i t h  a continuous inc rease  of t he  e x c i t a t i o n ,  t he  muscle reacts w i t h  a d i s -  

cont inuous  i n c r e a s e  of i t s  a c t i o n ,  and t h a t  t he  va r ious  muscle f i b e r s  t h u s  

have d i f f e r e n t  e x c i t a t i o n  th re sho lds .  

have revea led  t h a t  w i t h  l o c a l  e x c i t a t i o n ,  

Then a m a l l  e x c i t a t i o n  w i l l  thus  n e t  b r ing  t h e  whole Euscle  i n t o  con- 

t r a c t i o n ,  bu t  only a p a r t  and then  the muscle,  under a submaximal e x c i t a t i o n ,  

' See , fo r  example, h e r .  Jour .  of Phys io l . ,  49, 1919. 

17 

I 



. . '  

would n o t  always reach i t s  smallest length ,  b u t  a length  between t h i s  and t h e  

n a t u r a l  l ength ,  depending on t h e  s t r eng th  of t h e  e x c i t a t i o n .  I 2 4 4  

We must now r e t u r n  t o  t h e  change i n  t h e  f o r c e  wi th  which a movement 

occurs ,  during t h e  course of t h e  movement; whereupon we s h a l l  a l s o  have t h e  

oppor tuni ty  t o  go i n t o  t h e  a r t ic le  by Bethe and Franke. 

A comparison between my f i g u r e s  and curves obta ined  completely experimen- 

t a l l y  and t h e  pu re ly  t h e o r e t i c a l  arguments on t h e  angular  moment curves  of von 

Recklinghausen would go beyond the compass of t h i s  work and I have r e f r a i n e d  

completely on t h i s  account.  

These f i g u r e s  w i l l ,  however, be u s e f u l  f o r  t e s t i n g  t h e  t h e o r e t i c a l  con- 

s i d e r a t i o n s .  

The r e s u l t s  of t h e s e  measurements may be g r a p h i c a l l y  represented  i n  two 

ways, namely on a c i r c u l a r  arc, on which the  ang le s  des igna te  t h e  p o s i t i o n s  

of t h e  j o i n t ,  o r  i n  an or thogonal  coordinate  system. 
__ 

For b e t t e r  understanding 

of t h e  l i n e s ,  I g ive  here  only one f i g u r e  according t o  t h e  f i r s t  method, i n  

which d o r s a l  and palmar f l e x i o n  of the hand are p l o t t e d  toge the r .  To make the  

matter clearer the  hand i s  a l s o  sketched i n  (Fig.  4 and Table A ) .  

I 

Fig. 4 
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Table A 

Sign of t h e  Angle 
of Def l ec t ion  of 

Angle of t h e  J o i n t  t h e  Pendulum 
Palmar- Dorsal-  

Degrees f l e x i o n  f l e x i o n  

108 
120 
132 
144 
156 
168 

Dorsal- 
f l e x i o n  

Normal- 
180 [ p o s i t  i on  

P l a n  t ar - 

36 21.5 
37 23 
38.5 23 
39 23.5 
40.5 23.5 
39 24.5 

39 
36 
36 
31 

23.5 
22 
22 
20 

The palmar f l e x i o n  w a s  i nves t iga t ed  wi th  10  persons  (tests 111 t o  120) 

each of whom c a r r i e d  out  t h e  motion 3 t i m e s ,  each t i m e  i n  10  p o s i t i o n s ,  and 
~ 

t h e  d o r s a l  f l e x i o n  wi th  4 s e l e c t e d  persons (tests 141  t o  144) .  The uni formi ty  

of t h e  l i n e s  i s  noteworthy i n  t h e  f i r s t  p l ace .  

(216O) t h e  g r e a t e s t  d i f f e r e n c e  i n  palmar f l e x i o n  i s  only about 10% of t h e  

g r e a t e s t  va lue ;  and i n  d o r s a l  f l e x i o n ,  about 12% whi le  the  smaller va lues  /245 

Apart from t h e  f u r t h e s t  bend 

are r e g u l a r l y  arranged on e i t h e r  s i d e  of t h e  maximum. It t a k e s  t h e  form of a 

f a i r l y  pure  e l l i p s e .  

The second noteworthy f e a t u r e  i s  t h e  uni formi ty  of both l i n e s ,  t h e  d o r s a l  

f l e x i o n  being l i k e  a reduced reproduct ion of t h e  palmar f l e x i o n .  

t h e i r  maximum a t  t h e  same p o s i t i o n  (156O and 168') and t h i s  i s  indeed t h e  pos i -  

Both have 

t i o n  of t he  hand which occurs  most f requent ly .  This  u n i f o r x i t y ,  i n  my opin ion ,  

i n d i c a t e s  t h e  g r e a t  anatomical  correspondence on e i t h e r  s i d e  of t h e  j o i n t .  

These f a c t s  s t r i k e  u s  as more remarkable i f  w e  have a l s o  seen o the r  curves  i n  

which q u i t e  o t h e r  r e l a t i o n s h i p s  a r i s e .  
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I n  t h i s  f i g u r e  too ,  t h e  r a t i o  of t h e  average fo rce  of t h e  two movements 

i s  e v i d e n t ,  namely 10:6. This  i s  t h e  same r a t i o  t h a t  Herz ( l o c .  c i t . )  gave. 

I must s t r o n g l y  emphasize t h a t  the v a l u e s  i n  t h i s  g raph ica l  representa-  

t i o n  are no t  t o  be compared w i t h  those i n  l a t e r  such p r e s e n t a t i o n s  f o r  w e  must 

i n s t e a d  make ve ry  l a r g e  drawings f o r  t h e  abduct ion of t h e  l e g .  

W e  now pass  on t o  the  movements of which Herz g ives  complete diagrams, 

both i n  p o l a r  and i n  Car t e s i an  form. 

t h e  most s u i t a b l e  f o r  comparison wi th  my va lues .  

The la t te r  however, appear t o  m e  t o  be 

- 80 

-70 

- 60 

- 50 

YO 

-30 

- 2 0  

- 

- w .  

-0 0 

Fig. 5.  Abduction of t h e  l eg .  

Herz g ives  ab- and abduction of t h e  l e g  and pronat ion  of t h e  hand. 

W e  s h a l l  f i r s t  cons ider  abduction of t h e  l e g  (Fig.  5 ) .  My measurement i t- 

s e l f  comprised 18 series, wi th  both legs  of 3 persons i n v e s t i g a t e d ,  i n  8 posi-  

t i o n s ,  each w i t h  a spacing of 8O, and thus  over  a range of 56O. Herz measured 

i n  9 p o s i t i o n s  over 4 8 O .  H e  does not mention from ‘now many series h i s  va lues  
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form a sample, nor  w i th  how many people he c a r r i e d  out  t he  measurements. It  

would n o t  be a m i s s  t o  take  t h e  va lues  of t he  l e f t  and r i g h t  l e g  s e p a r a t e l y .  

A p r i o r i  i t  i s  t o  be expected t h a t  both s i d e s  would c o n t r i b u t e  t h e  same re- 

s u l t s .  Fur ther  on I wish t o  show, fo r  t h e  ab- and adduct ion of t he  arm, t h a t  

t h i s  may a l s o  be proved experimental ly .  1246 

So t h a t  t h e  l i n e s  obtained by Herz can now be compared wi th  mine, I have 

a c c u r a t e l y  copied Herz ' s  f i g u r e s  f o r  each of t h r e e  movements and sketched i n  

my l i n e s  s o  t h a t  both l i n e s  co inc ide  a t  t h e  s t a r t i n g  p o i n t .  Since the  abso- 

l u t e  numbers do no t  here  e n t e r  i n t o  the matter, t h e r e  can of course be no ob- 

j e c t i o n  t o  this. The cont inuous l i n e  marked H i s  t h a t  of Herz, t h e  do t t ed  

l i n e  i s  mine. 

W e  then see t h a t  t h e  cha rac t e r  of both l i n e s  i s  t h e  same, a symmetrical ,  

only occas iona l ly  i r r e g u l a r ,  descending l i n e .  Here a l s o  i t  appears  t o  be 

Schwann's l a w  which governs t h e  l i n e ,  which does n o t  s u r p r i s e  us i n  view of 
~ 

t h e  r e l a t i v e l y  simple mechanical r e l a t i o n s h i p s .  The d i f f e r e n c e  between t h e  

two l i n e s  i s  t h i s ;  mine f a l l s  much more s lowly than  t h a t  of Herz. From what 

cause ,  I do n o t  know. Could i t  be due t o  the  f a c t  t h a t  I excluded f a t i g u e  

b e t t e r ?  O r  does i t  a r i se  because H e r z  knew b e t t e r  how t o  immobilize and thus  

w a s  b e t t e r  a b l e  t o  l o c a l i z e  t h e  movement? S ince  Herz g ives  so few h i n t s  about 

d e t a i l s ,  i t  can no t  be s a i d  wi th  c e r t a i n t y .  

A s  a c o n t r o l ,  f o u r  yea r s  a f t e r  the f i r s t  test  I have aga in  measured t h i s  

movement, now wi th  10 persons ,  each t i m e  i n  7 p o s i t i o n s ,  each series t w i c e  

( s e r i e s  151  and 152) .  The r e s u l t s  were, however, t h e  same wi th  very  l i t t l e  

dev ia t ion .  

F ig .  6 r e p r e s e n t s  t he  abduction of t h e  l e g .  The continuous l i n e  i s  aga in  

t h a t  of Herz, t h e  d o t t e d  l i n e  mine, the r e s u l t s  of measurements on 7 persons ,  
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Abduction of t h e  l e g .  

each t i m e  i n  two series, and aga in  sketched i n  such t h a t  t h e  l i n e s  co inc ide  

a t  t h e  ze ro  p o s i t i o n .  These l i n e s  a l s o  show a s a t i s f a c t o r y  agreement which 
__ 

might have been even g r e a t e r  i f  Herz had a l s o  given a f i g u r e  f o r  t h e  p o s i t i o n  

a t  80. The later d i f f e r e n c e  might again be the  r e s u l t  of i n s u f f i c i e n t  immo- 

b i l i z a t i o n ,  now, however, i n  t h e  case of Herz. 

Now we have the  t h i r d  diagram, pronat ion of t h e  hand (Fig.  7 ) .  Here a 

ques t ion  p r e s e n t s  i t s e l f .  According t o  t h e  f i g u r e ,  Herz measured these  

va lues  over a range of 189O. According t o  R. F ick ,  however, t h i s  range a- 

mounts t o  185O t o  190° on the  ligament p repa ra t ion ,  1500 t o  160° on t h e  muscle 

/247 p repa ra t ion  , while  S t r a s s e r  estimates i t  a t  1200 t o  1500 i n  l i v i n g  - 
persons  and thus  on average,  135O. 

t h i s  movement over more than  1200. A t  t he  f u r t h e r  p o s i t i o n s  f i x a t i o n  on ex- 

I t  was no t  p o s s i b l e  f o r  m e  t o  i n v e s t i g a t e  

e r t i n g  s t r e n g t h  w a s  t o o  p a i n f u l .  

’Textbook of muscle and j o i n t  mechanics. (Lehrb. de r  Muskel- und 
Gelenkmechanik) Vol.  IVY B e r l i n ,  1913. 
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The d i f f i c u l t y  now i s  t h a t  when I ske tch  my l i n e  on Herz 's  f i g u r e ,  I do 

n o t  know a t  what po in t  of t h e  movement I should l e t  both l i n e s  co inc ide .  I 

have t h e r e f o r e  chosen the  184O pos i t i on ,  bu t  might j u s t  as w e l l  have l e t  t h e  

50 p o s i t i o n  o r  t h e  average p o i n t s  coincide.  I f  one remembers t h i s ,  then  i n  

t h i s  f i g u r e  too  t h e  agreement can be  s a i d  t o  be s a t i s f a c t o r y  throughtout .  

Bethe and Franke a l s o  gave s t r eng th  curves f o r  pro- and sup ina t ion  which 

they have measured over a range of 2000, thus  even g r e a t e r  than  Herz. Is i t  

p o s s i b l e  t h a t  they have i n v e s t i g a t e d  t h i s  motion wi th  t h e  elbow n o t  bent  a t  

r i g h t  ang le s ,  s o  t h a t  i n  a d d i t i o n  outer  and inne r  r o t a t i o n  i n  the  shoulder  

j o i n t  could take  p lace?  

Fig.  7 

I n  no o t h e r  way can I exp la in  these  greater va lues .  These curves then ,  are 

aga in  n o t  appropr i a t e  f o r  a comparison wi th  my curves.  

My l i n e  i s  t h e  r e s u l t  of measurement on e i g h t  persons ,  each t i m e  i n  two 

d i r e c t i o n s .  

and thus  wi th  t h e  s u r f a c e  of t he  hand upward, and of course  wi th  t h e  underarm 

h o r i z o n t a l  and t h e  elbow j o i n t  ben t  a t  r i g h t  angles .  I f  w e  t r ea t  sup ina t ion  

a l s o  i n  combination wi th  pronat ion ,  then t h a t  w i l l  be t h e  uppermost l i n e  i n  

F ig .  7 .  Herz g ives  no d a t a  about i t .  These l i n e s  of pro- and sup ina t ion  are 

drawn t o  the  same scale s o  t h a t  i t  revea ls  t h a t  the  sup ina t ion  s t r e n g t h  i s  

g r e a t e r .  This  l i n e  w a s  t h e  r e s u l t  of measurements on 9 persons.  The v a r i a -  

t i o n  of the  f o r c e  i s  i n  both cases  very similar and s i n c e  I have seen  about 

The 1840 p o s i t i o n  represents  f o r  m e  t h e  outermost supine  p o s i t i o n ,  
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t h e  same i n  t h e  d o r s a l  and palmar f l ex ion  of t he  hand, which I have presented  

i n  Fig.  4 ,  then the  ques t ion  a r i s e s ,  as  t o  whether t h i s  i s  always t h e  case 

wi th  opposing muscles. The answer t o  t h i s  ques t ion  must be i n  t h e  nega t ive .  

And as an example I c i t e  t h e  ab- and adduction of t h e  a r m .  I n  o rde r  t o  show 

a t  once how completely the  r i g h t  and l e f t  agree ,  I have a l s o  superimposed 

these  on another  f i g u r e  (Fig.  8 ) .  These are the  r e s u l t s  f o r  t h e  same 9 per- 

sons.  Each movement w a s  c a r r i e d  ou t  twice i n  oppos i te  d i r e c t i o n s .  Here alone 

w e  have, i n  f a c t ,  t h e  r e s u l t  of 648 measurements. 

/ 2 4 8  

It is  seen  how c l o s e l y  p a r a l l e l  t he  l i n e s  move from l e f t  t o  r i g h t ;  and 

f u r t h e r ,  how t h e  r i g h t  arm, a p a r t  from a s m a l l  except ion ,  always has  t h e  ad- 

vantage,  and how much g r e a t e r  t h i s  advantage i s  wi th  t h e  h ighe r  va lues  of ab- 

duc t ion .  A s  t h e  f o r c e  i n  one end-posit ion ( t h e  0' p o s i t i o n  i s  t h a t  where t h e  

arm l ies  a g a i n s t  t h e  body) approaches t h a t  i n  t h e  o t h e r ,  i t  i s  seen  how, i n  

a d d i t i o n ,  t h e r e  is  now a g r e a t  d i f f e rence  between t h e  two l i n e s ,  one concave 

downwards t h e  o t h e r  concave upwards. These l i n e s ,  t he  measurement of which 

s t r e t c h e d  over  about 14 days form, i n  my opinion,  an overwhelming proof f o r  

t h e  co r rec tness  of t h e  experimental  arrangement, e t c .  The continuous l i n e s  i n  

t h e  f i g u r e  r ep resen t  t he  average of l e f t  and r i g h t .  I f  w e  now compare t h e s e  

f i g u r e s  wi th  the  curves which Bethe and Franke g ive  f o r  t h i s  movement (Fig.  3 

of t h e i r  a r t i c l e  on t h e  l i n e  designated by S) then w e  f i n d  a s t r i k i n g  resem- 

b lance  f o r  t h e  abduct ion.  

~ 

Fig. 8 
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Only i n  t h e  l e f t  p a r t  of t h e  curve are Bethe and Franke 's  curves g r e a t e r  

than  mine. Unfortunately one cannot de t ec t  such a s i m i l a r i t y  wi th  r e s p e c t  t o  

t h e  abduct ion.  My curve i s  f o r  t h e  greater p a r t  lower,  b u t  between 102O and 

1360 i t  i s  h igher .  Now Bethe and Franke accept  a t  once,  wi th  r e spec t  t o  t h i s  

l i n e ,  t h a t  i t  appears t o  form an  exception, s i n c e  i n  i t ,  un l ike  i n  t h e i r  o t h e r  

curves ,  a maximum of t h e  curve does not ag ree  wi th  a minimum of t h e  an tagon i s t  

curve. I no te  i n  t h i s  connect ion,  t h a t  t h i s  r u l e  holds  t r u e  f o r  my curves f o r  

ab- and adduction. 

I cannot agree  wi th  t h e  explanat ion they g ive  f o r  those of t h e i r  l i n e s  

"The t r u e  minimum of t h e  motion curve i n  t h e  which d e v i a t e .  For they say:  

nega t ive  d i r e c t i o n  (abduction) would l i e  a t  t h e  l e f t  end and t h e  curve would 

f a l l  s t e e p l y  he re  up as f a r  as t h e  zero p o s i t i o n ,  un le s s  t he  body h indered  a 

f u r t h e r  approach t o  i t s e l f " .  
~~ 

I must i n q u i r e  whether they concluded t h a t  t h e  curve would drop t o  zero 1249 

when t h e  curve rises s t r a i g h t  from r i g h t  t o  l e f t  and only i n  t h e  last  p a r t  

shows a t r i v i a l  f a l l .  The body i s  such a phys io log ica l  r e s i s t a n c e  t h a t  t he  

muscles are syntonized thereon ,  thus  a f f e c t i n g  the  l eng th  and s t r e t c h i n g  fo rce .  

What then  should be considered the  cause of t h e  dev ian t  type  - deviant  wi th  

r e s p e c t  t o  t h e  o t h e r  curves and i n  comparison wi th  my curves - I cannot under- 

s t and .  

I must he re  d i r e c t  a t t e n t i o n  t o  another  p o i n t  where my f ind ings  are no t  

i n  harmony wi th  those  of Bethe and Franke: A s  I have a l ready  s t a t e d ,  my cur- 

ves  f o r  r i g h t  and l e f t  arm are very s imi la r ,  as a l s o  fol lows from Fig.  8. On 

cons ider ing  t h e  similar anatomical  s t r u c t u r e  of l e f t  and r i g h t ,  i n  my opinion,  

no th ing  d i f f e r e n t  should be expected. Bethe and Franke however f i n d ,  " in  al-  

most a l l  movements a weaker and a l s o  genuinely d i f f e r e n t  curve f o r  t h e  l e f t  
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ex t remity" and as an example, po in t  t o  t h e i r  Fig.  2 i n  which the  curves f o r  

forward and backward motion of t he  upper arm are given. 

counter  some curves which are s t r i k i n g  because of t h e i r  i r r e g u l a r i t y ;  which 

Indeed, t h e r e  w e  en- 

are p a r t l y  h igher  f o r  t h e  l e f t  than they are f o r  t he  corresponding curve f o r  

t h e  r i g h t .  

duced curves  from a s m a l l  number of experiments; t h i s  d i sappears  however as 

I would indeed expect such an i r r e g u l a r i t y  t o  e n t e r  i f  I had pro- 

soon as w e  superimpose a s a t i s f a c t o r y  number of experiments.  I cannot imagine 

a drop such as t h i s  f i g u r e  shows a t  30°, both f o r  R+ and f o r  t he  L- curve i n  

cons ider ing  t h e  uniform func t ion .  I f  t h e  drops are r e s t o r e d  around small  

va lues  (2  kg f o r  t h e  R+ curve and 4 kg f o r  t h e  L- curve) then  t h e  i r r e g u l a r i t y  

d i sappea r s  and i t  seems t o  m e  t h a t  such an occurrence w i l l  arise i f  more f i g -  

u re s  are superposed i n  a r r i v i n g  a t  the average. 

I n  t h i s  way I would a l s o  exp la in  t h e  depress ion  a t  600 i n  t h e  curve f o r  

t h e  two women on bending t h e i r  elbow (Fig.  5 ) .  It i s ,  however, d i f f i c u l t  t o  

accept  t h a t ,  i n  t he  case of t he  women, a t  one moment dur ing  bending a depres- 

s i o n  of t h e  fo rce  would e n t e r  a t  t h e  one t i m e  while  t he  curves f o r  men r e v e a l  

only a r e g u l a r l y  r i s i n g  behavior .  

~ 

The bending and s t r e t c h i n g  of the arm i n d i c a t e  va lues  which i n  t h e i r  mu- 

t u a l  r e l a t i o n s h i p  have a g r e a t e r  s i m i l a r i t y  t o  t h e  bending and s t r e t c h i n g  of 

t h e  hand. I s h a l l  g ive  va lues  he re  only i n  t a b u l a r  form f o r  t he  inne r  ro t a -  

t i o n  of t h e  arm i n  which a se l f - cons i s t en t  change shows up wi th  what are q u i t e  

d i f f e r e n t  anatomical  r e l a t i o n s h i p s .  

I have s tud ied  t h e  i n n e r  r o t a t i o n  of t h e  a m  wi th  t h e  upper am hor i -  

z o n t a l  and r a i s e d  sideways and t h e  under a r m  bent  a t  r i g h t  angles .  The 00 po- 

s i t i o n  i s  i n  agreement wi th  t h e  under arm placed  v e r t i c a l l y  a t  t h a t  he igh t  

whereas t h e  upper a r m  i s  turned as f a r  as p o s s i b l e  t o  t h e  ou t s ide .  

/250 
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P o s i t i o n  of t he  J o i n t  
( s t r e t ched)  

00 
1 7 0  
340 
5 10 

68O 
85 O 

1020 
1190 
1360 

Armbend 

29 
33 
37 
42 
45 
45 
44 
36 
28  

S t r e t c h  

23 
28 
29 
33 
33 
34  
37 
33 
26 

Inner  Rota t ion  

25 
26 
28.5 
28.5 
30 
30 
29 
24  
23 

Bethe and Franke a l s o  g ive  curves f o r  bending and s t r e t c h i n g  of t h e  arm. 

For comparison I have superimposed i n  Fig. 9 t he  average curves f o r  f o u r  men 

i n  Bethe and Franke (B+ and B-) and my curves.  It  is  seen from t h i s ,  much t o  

my j o y ,  t h a t  t h i s  i s  confirmed and t h a t  t h e r e  i s  almost complete agreement 

between t h e  bending curves of Bethe and Franke and mine, an agreement which 

might have been abso lu te  i f  t h e  authors  had a l s o  given f i g u r e s  a t  70° and 1000. - 
~ 

The agreement is ex tens ive  a l s o  f o r  s t r e t c h i n g  bu t  no t  as g r e a t  as f o r  bending. 

Fig.  9 

F i n a l l y  I a l s o  i n v e s t i g a t e d  the  f o r c e  i n  an e n t i r e l y  d i f f e r e n t  way, namely 

t h a t  of l i f t i n g  t h e  t runk from a bent over p o s i t i o n ,  t h e  so-cal led l o i n  

s t r e n g t h .  For t h i s  purpose I fastened a C o l l i n ' s  dynamometer t o  two rods ,  one 
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being p u t  under 

was p o s s i b l e  t o  

the  feed  while  p u l l i n g  on t h e  o the r .  By i n s e r t i n g  a 

en la rge  the  d i s t ance  from t h e  hands t o  the  ground by 

I obtained the  fol lowing f i g u r e s :  

Distance of t h e  hands from 
t h e  f l o o r  i n  cent imeters  

20 
27 
40 
45 
5 4  
60 
70 

Average f o r c e  
i n  kilograms 

118 
123  
114 
114.5 
126 
131.5 
1 3 9  

chain  i t  

degrees .  

Thus one ob ta ins  a smaller va lue  i f  t he  t runk  i s  about h o r i z o n t a l .  S ince  t h e  

he ight  of t h e  person being t e s t e d  p lays  an  important  p a r t  i n  t h i s  test ,  I 

should r e a l l y  have s tud ied  t h i s  wi th  persons of equal  he igh t .  These f i g u r e s  

~ give  t h e  number of kilograms which the dynamometer i nd ica t ed .  

What immediately s t r i k e s  t h e  a t t e n t i o n  i n  a l l  of t h e s e  curves and I 2 5 1  

t a b l e s  i s  the  uni formi ty  of the  change. Each curve has  a r e l a t i v e l y  s imple 

form. A curve may show a smaller f a l l  ( e .g . ,  i n  pronat ion)  than another  

(e .g . ,  abduct ion of t h e  l e g ) ,  bu t  t he re  does no t  occur more than one bend i n  

t h e  curve.  Nor do w e  f i n d :  r ise ,  f a l l ,  rise, f a l l .  There are e i t h e r  f a i r l y  

s t r a i g h t  l ines  o r  ben t  l i n e s  wi th  a c e r t a i n  curva ture  which can be convex up- 

wards o r  downwards. 

I b e l i e v e  t h a t  i n  view of t h e  anatomical s t r u c t u r e ,  t h i s  un i formi ty  i s ,  

indeed,  a l s o  t o  be expected from t h e o r e t i c a l  cons idera t ions .  It should be  ex- 

pec ted  t h a t  t h e  g r e a t e s t  f o r c e  always l i e s  a t  t h e  po in t  of movement where t h e  

muscles work most. I f  we  accept  t h i s ,  then  i n  t h e s e  curves we should look f o r  

t he  l o c a t i o n  of t h i s  po in t  and a l s o  where i t  should l i e  i n  t o o l s  and a r t i f i c i a l  
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l imbs. One can a l s o  e a s i l y  c a l c u l a t e  from t h e s e  curves the  cons t ruc t ion  of 

gymnastic r e s i s t a n c e  appara tus  i n  order  t h a t  t he  g r e a t e s t  p o s s i b l e  r e s i s t a n c e  

can be o f f e red  t o  the  movement of t h e  muscle a t  each i n s t a n t .  I do not  be- 

lieve t h a t  more gene ra l  conclusions can be drawn from these  experiments and 

curves.  

Again I must p o i n t  out he re  t h a t  t h e  f i g u r e s  f o r  d i f f e r e n t  movements 

should no t  be compared wi th  each o ther .  Since I changed t h e  attachment of 

t he  handle  and t h e  weight and used a more heav i ly  cons t ruc ted  dynamometer, 

t h e  f i g u r e s  are not  d i r e c t l y  comparable. F i n a l l y ,  i n  o rde r  t o  be ab le  t o  make 

c a l c u l a t i o n s ,  I w i l l  g ive  one of Herz's  t a b l e s  on the  average s t r e n g t h  of t h e  

movements he re  descr ibed .  I might w e l l  have changed t h e  f i g u r e s  f o r  t h i s  pur- 

pose,  b u t  I wished t o  use  Herz ' s  diagram f o r  comparison; he has not  even cal- 

cu la t ed  h i s  diagram wi th  average forces .  

ment w i t h  these  f i g u r e s  of Herz, ( thus I f i n d  t h e  adduct ion of t he  l e g  s t r o n g e r  

Although I a m  no t  i n  e n t i r e  agree- 
~ 

than  t h e  abduct ion)  I s h a l l  no t  comment on them here .  I n  these  f i g u r e s  t h e  

s t r e t c h i n g  f o r c e  of t h e  knee i s  taken as 100. 

Hand palmar f l ex ion  .............. 
Hand d o r s a l  f l ex ion  .............. 
Pronat ion  ........................ 
Supinat ion ....................... 
Underarm bend .................... 
Underarm s t r e t c h  ................. 
Abduction a r m  .................... 
Adduction arm .................... 
P l a n t a r  f l e x i o n  foot  ............. 
Abduction l e g  .................... 
Adduction l e g  .................... 
Trunk bent  backwards ............. 

10 
6 

15 
15 
45.3 
36.7 
96 

136 
130 
119 
112 
1 2  2 

I n  connection wi th  these  dynamometer tests I have i n v e s t i g a t e d  t h e  g r i p  

of t h e  hands and the  l i f t i n g  power of t h e  back muscles wi th  2,000 persons:  

1,112 male and 888 female from 6 t o  60 years .  
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Any person who presented  himself w a s  t e s t e d .  S tudents  from va r ious  /252 

schools ,  members of va r ious  organiza t ions ,  t eache r s  and o f f i c e  workers ,  nu r ses ,  

p a t i e n t s  as w e l l  as members of a church congregation. I sought without  any 

s e l e c t i o n  whatever t o  c o l l e c t  a r i c h  material i n  t h e  age range from 6 t o  60 

yea r s .  

Each had t o  squeeze wi th  h i s  l e f t  and r i g h t  (hand) and then  p u l l  on a 

rod on which the  dynamometer w a s  mounted and which by means of a c ros s  ba r  w a s  

he ld  s o l i d  under t h e  f e e t  whi le  a c ross  b a r  f ixed  above w a s  pu l l ed  upwards as 

powerful ly  and uniformly as poss ib l e .  The t runk  w a s  then bent  forward. Each 

test  w a s  allowed t o  be repea ted  and the g r e a t e s t  f i g u r e  obta ined  w a s  recorded. 

I used three C o l l i n ' s  dynamometers which w e r e  newly c a l i b r a t e d  always a f t e r  

a c e r t a i n  t i m e .  

J u s t  as Quf5telet i n s i s t e d ,  a t  l e a s t  10 measurements w e r e  combined f o r  
~~ 

each age;  t h e  i r r e g u l a r i t y  of curves  so obtained c l e a r l y  shows t h a t  t h i s  num- 

b e r  i s  t o o  s m a l l  and t h a t  t h e  t o t a l  number of my measurements i s  a l s o  too  

small t o  be a b l e  t o  o b t a i n  smooth l i n e s .  One should,  however, recal l  t h a t  

Erisman i n  a similar undertaking with workers i n  c e n t r a l  Russia  s t i l l  d id  no t  

o b t a i n  r e g u l a r l y  running l i n e s  wi th  a t o t a l  number of 103,175 persons,  and 

t h a t  he  combined t h e  r e s u l t s  f o r  each two years*,  and a l s o  combined the  r e s u l t s  

f o r  each f i v e  yea r s  from 30 t o  40 years  and above t h a t  f o r  each t e n  years  l ,  

My f i g u r e s  are however decidedly too  small t o  be a b l e  t o  t ake  account of 

t h e  s c a t t e r i n g  of t h e  r e s u l t s  o r  t h e  e f f e c t  of i n c r e a s e  i n  age.  

*Trans l a to r ' s  no te :  Probably "each two yea r s  up t o  30 years"  which has  
been omit ted.  

Russia.(Untersuchung iiber d i e  kBrperl iche Entwicklung de r  F a b r i k a r b e i t e r  i n  
Zent ra l ruee land)  Tubingen, 1889. 

I n v e s t i g a t i o n  of t h e  co rpora l  development of f a c t o r y  workers i n  c e n t r a l  
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My i n t e n t i o n  w a s  twofold.  I n  the f i r s t  p l ace  I wished t o  set up an av- 

e rage  va lue  which could serve f o r  comparison. 

s u l t s  i n  Table B i n  kilograms shown on t h e  dynamometer. 

For t h i s  reason  I gave t h e  re- 

It i s  ev ident  how t y p i c a l  o s c i l l a t i o n s  e n t e r  i n t o  t h i s ,  which can be  

smoothed out  a t  w i l l ,  by adding or  d iv id ing  of two o r  more neighboring numbers. 

I n  t h e  f i r s t  column i s  the  age,  i n  t h e  second, t h i r d  and f o u r t h  columns 

are r e s p e c t i v e l y  t h e  r i g h t  and l e f t  p ressures  and t h e  p u l l i n g  f o r c e  of men - 

then t h e  same va lues  f o r  women. 

My second i n t e n t i o n  w a s  of a more gene ra l  n a t u r e ,  namely t o  e s t a b l i s h  

c e r t a i n  r u l e s  about t h e  r e l a t i o n s h i p  between t h e  s t r e n g t h  of t h e  r i g h t  t o  t h e  

l e f t  hand, of t h e  man t o  t h e  woman and on t h e  t rend  of t h e  s t r e n g t h  curve from 

6 t o  60 years .  For t h e  l a s t  named curve I combined the  th ree  f i g u r e s  obta ined  

( r i g h t  and l e f t  hand and l i f t i n g  s t r e n g t h )  i n  o rde r  t o  avoid i r r e g u l a r i t i e s  

i n  t h e  l i n e s  as f a r  as poss ib l e .  I n  t h i s  way I a l s o  e s t a b l i s h e d  an index. I 2 5 3  

However, i t  i s  s t i l l  necessa ry , i f  one i s  t o  o b t a i n  r egu la r  l i n e s ,  t o  t ake  some 

yea r s  t oge the r  (Fig.  10). 

F i n a l l y  I compared my r e s u l t s  with those  of Qudtelet '  on t h e  l i f t i n g  

s t r e n g t h  of t he  back muscles and wi th  those  of Dementjeff. The l a s t  named 

re fe rence  appeared i n  Russian and I must he re  r e f e r  t o  Erisman's 

c i t . ) .  

paper ( loc .  

We s h a l l  only t rea t  t h e  s t r e n g t h  r e l a t i o n s h i p  f o r  l e f t  and r i g h t .  Even 

whi le  I w a s  s e t t i n g  up t h e  tests, which s t r e t c h e d  over 1 112 y e a r s ,  i t  s t r u c k  

m e  how g r e a t  a number of people a r e  s t rong  on t h e  l e f t  r a t h e r  than  on the  

r i g h t ,  a number which surpassed the  percentage of lef thandedness  which, as I 

thought ,  r an  a t  about 1.5 t o  4 % .  I f  one cons iders  t h e  r e s u l t s  i t  i s  evident  

'See: Boigey, Precepts  and Maxims of Phys ica l  Education (Prgceptes  e t  
Maximes d'Education physique) 109, Paris , 1920. 
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Female . I 

t h a t  a very g r e a t  number are s t ronge r  on t h e  l e f t  than t h e  r i g h t .  

Among t h e  1,112 males, 278, t h a t  i s  25%, and among t h e  888 women, 273, /254 

t h a t  i s  as much as 30.7%, were s t ronge r  on t h e  l e f t  than  t h e  r i g h t .  

t i o n  t h e r e  were another  9 1  men and 115 women who w e r e  equa l ly  s t r o n g  on t h e  

l e f t  and t h e  r i g h t .  

I n  addi- 

The ques t ion  i s  now whether we  may, without  f u r t h e r  ado, speak he re  about 

le f thandedness ,  and t h e  answer i n  my opinion i s  i n  the  nega t ive ,  e s p e c i a l l y  i f  

r ighthandedness  i s  def ined  as a preponderance i n  l eng th ,  g i r t h ,  s t r e n g t h ,  

blood p res su re  (Hecht and Lungstein) ,  c a p a b i l i t y ,  e t c . ,  of the  r i g h t  ann. I n  

my opin ion  n o t  every  f a c t o r  i s  re levant  i n  and by i t s e l f ,  wi th  t h e  p o s s i b l e  

except ion  of c a p a b i l i t y ,  t o  righthandedness.  How g r e a t  t he  s t r e n g t h  advantage 

may be i n  determining r i g h t -  and le f thandedness ,  I do not  venture  he re  t o  
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se t t le .  

very  w e l l  remark he re  t h a t  my r e s u l t s  agree  wi th  those  of Lombroso, t h a t  i n  

I in t end  t o  determine t h i s  i n  a more d e t a i l e d  i n v e s t i g a t i o n .  I might 

women, le f thandedness  occurs  more o f t en  than  i n  men, con t r a ry  t o  those  r e s u l t s  

of Ogle, who has  j u s t  e s t a b l i s h e d  more le f thandedness  among men (5.7% a g a i n s t  

2 .8%) .  

Next t o  these  small  numbers w e  should,  however, p u t  a number a r r i v e d  a t  

by B i e r v l i e t ,  which approaches mine, namely 2 2 % l .  

Gaupp remarked about t h i s  number t h a t  i t  has  h i t h e r t o  remained unex- 

p la ined .  Would t h e  explana t ion  perhaps l i e  i n  the  way i n  which le f thandedness  

i s  e s t a b l i s h e d ,  t h a t  i s ,  whether one u s e s  t h e  a s s e r t i o n  of t h e  person himself 

o r  whether one measured h i s  s t r eng th?  It a l s o  appears  t h a t  no agreement 

e x i s t s  between t h e  f i g u r e s  f o r  " s k e l e t a l  lef thandedness"  and " func t iona l  l e f t -  

handedness". From t h e  s t u d i e s  of Hasse and Dehner wi th  5,141 s o l d i e r s ,  i t  

appeared t h a t  according t o  t h e i r  s ta tements  only 1% w e r e  l e f t  handed whi le ,  

however, i n  7%, t h e  l e f t  a r m  w a s  longer  and i n  18% the  armlengths were equal .  

When I measured b r u t e  fo rce  which agrees  q u i t e  w e l l  w i th  t h e  phys io log ica l  

c ros s  s e c t i o n  of t h e  muscles,  i t  i s  not impossible  t h a t  f o r  t h i s  reason ,  I 

obta ined  a much g r e a t e r  number of people s t r o n g e r  on t h e  l e f t ,  y e t  wi thout  be- 

i n g  i n  a p o s i t i o n  t o  c a l l  them l e f thande r s .  

be d e s i r a b l e  t o  make a b e t t e r  d e f i n i t i o n  of t h e  concept of r i g h t -  and l e f t -  

handedness. 

~ 

Perhaps i n  t h e  long run i t  would 

I n  o rde r  t o  be a b l e  t o  form a judgment on the  s t r e n g t h  of l e f t h a n d e r s ,  I 

s t u d i e d  t h e  hand g r i p  of 100 lef thanded men and 100 lef thanded woiaen. The 

r e s u l t  of t h i s  s tudy w a s  as fol lows.  They w e r e  a l l  people  who s t a t e d  t h a t  

'Compare, however, t hese  da t a :  Gaupp, On t h e  righthandedness of human 
beings (Gaupp, f i e r  d i e  Rechtshandigkeit  des Menschen) Jena 1909, from which 
I have borrowed. 
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they  w e r e  l e f thanded .  

/255 - 36 men and 24 women were s t r o n g e r  on t h e  r i g h t  

51  men and 66 women were s t r o n g e r  on the  l e f t  

1 3  men and 10 women w e r e  equa l ly  s t r o n g  on both s i d e s .  

Lefthandedness should thus  d e f i n i t e l y  not  be def ined  as implying a 

s t r o n g e r  l e f t  hand; t h i s  is  s t ronge r  only i n  one-half of t h e  lef thanded men 

and 2 /3  of t h e  women. 

To what e x t e n t  then  i s  one hand s t ronger  i n  l e f thande r s?  The t o t a l  f o r  

men wi th  s t rong  r i g h t  hand i s  1,198 on the  r i g h t  and 1,068 on t h e  l e f t ,  t hus  

an imbalance of 10.85% of t h e  s t ronger  hand. For t h e  r igh t - s t rong  women, 

t h i s  number i s  16.8%. 

1,735 and 1,987, thus  12.7% and f o r  the women 1,227 and 1,489, thus 17 .6%.  

Of t h e  l e f t - s t rong  men t h e s e  numbers are r e s p e c t i v e l y  

With the  women, t h e  imbalance i n  s t r e n g t h  of a hand i s  thus  somewhat 

g r e a t e r  than wi th  t h e  men, they are a l s o  d i s t ingu i shed  by t h i s  f a c t .  

I should poin t  ou t  h e r e  how much t h e  l e f t  hand exceeded t h e  r i g h t  i n  

s t r e n g t h  i n  a number of p a t i e n t s  of an insane  asylum, which I inves t iga t ed .  

The s m a l l  va lues  which I then found turned ou t  noteworthy i n  another  connec- 

t i o n .  

How much i n  gene ra l  i s  t h e  r i g h t  o r  t h e  l e f t  hand s t ronge r?  The t o t a l  

number of kilograms of t h e  r igh t -s t rong  people ( inc luding  as w e l l  t h e  equal ly-  

s t r o n g )  i s :  f o r  men r i g h t  30,919; l e f t  26,888; r i g h t  t hus  4,031; t h a t  i s  13% 

more wi th  t h e  s t r o n g e s t  hand. 

And f o r  women: r i g h t  5,173; l e f t  6,092; l e f t  more by 919 o r  15%. 

F i n a l l y  I i n v e s t i g a t e d  how the  l e f t - s t r o n g e r  men were d i s t r i b u t e d  by age.  

The r e s u l t  i s  seen  i n  t h e  fol lowing t ab le .  
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6 - 15 Years, 73 out  of 230 = 31.7% 
16 - 25 Years, 62 ou t  of 292 = 21.2% 
26 - 35 Years, 52 out  of 189 = 27.5% 
36 - 45 Years, 51 out  of 215 = 23.7% 
46 - 60 Years, 40 out  of 186 = 21.5% - 

278 out  of 1,112 = 25% 

Thus a f a i r l y  uniform d i s t r i b u t i o n .  

The r a t i o  of t h e  s t r e n g t h  of g r i p  i n  men t o  women i s ,  according t o  these  

numbers, 5:3. 

We now consider  t he  v a r i a t i o n  of s t r e n g t h  wi th  age. A s  mentioned, f o r  

t h i s  purpose I combined t h e  numbers, f o r  each age,  of t h e  r i g h t  and l e f t  hand 

w i t h  t h a t  of t h e  back s t r e n g t h .  Since i n  t h i s  c a l c u l a t i o n  i t  i s  d e s i r e d  t o  /256 

o b t a i n  a flowing l i n e ,  i n  the  case of t h e  men I combined each two yea r s  from 

1 7  y e a r s  on, and t h e  r e s u l t s  f o r  each 4 yea r s f rom27  on, and aga in  f o r  each 

two y e a r s  from 5 1  y e a r s  on. I n  t h e  case of t h e  women, I combined t h e  r e s u l t s  

f o r  each  two yea r s  from 16 y e a r s  on; each 4 years  from 24 yea r s  on. 
~- 

The 

l i n e s  i n  Fig.  10 thus  have a r i s e n  and only a s l i g h t  i r r e g u l a r i t y  appears  ( i n  

Fig. 10  
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men from 17 t o  18 yea r s ) .  

i t s  maximum a t  25 t o  26 yea r s ,  and t h e r e a f t e r  a very slowly f a l l i n g  course s o  

t h a t  t h e  s t r e n g t h  between 2 1  and 4 3  years  decreases  very s l i g h t l y  whi le  only 

from 4 3  t o  60 y e a r s  a much quicker  f a l l  e n t e r s .  

We see a sharp ly  r i s i n g  l i n e  which i n  men reaches 

I n  t h e  case  of women, t he  l i n e  climbs somewhat s lower,  t h e  maximum being 

reached somewhat earlier and t h e  f a l l  be ing  somewhat f a s t e r .  These l ines re- 

v e a l  a very  h igh  degree of agreement wi th  those  which g ive  t h e  growth and 

development of d i f f e r e n t  body measurements ( l eng th ,  weight,  e t c . )  as publ ished 

by v a r i o u s  workers.  

From t h e s e  curves w e  can make a judgment on the  s t r e n g t h  of men and women 

by t ak ing  account of t he  su r face  area. W e  f i n d  f o r  t h i s  t h e  r a t i o  of 5,;3, t h e  

number g e n e r a l l y  found f o r  t h i s  r a t i o .  

F i n a l l y  I compared my r e s u l t s  with t h e  d a t a  of Qugte le t l  and Dementjiff  

( s ee  a l s o  Erisman, loc. c i t . ) .  These g ive  t h e  p u l l  of t h e  back muscle i n  k i l o -  

grams. /257 

I n  Fig.  11 I have p l o t t e d  t h e s e  t h r e e  l i n e s ,  t h e  continuous l i n e  being 

f o r  my r e s u l t s ,  t h e  do t t ed  l i n e  f o r  Quetelet ' s ,  and the  - . - . - a  l i n e  f o r  those  

of Dementjeff. 

The agreement can be s a i d  t o  be s u r p r i s i n g l y  good, e s p e c i a l l y  i f  one 

cons ide r s  t he  b i g  d i f f e r e n c e  i n  the  t i m e ,  n a t i o n a l  c h a r a c t e r ,  and material i n  

t h e  v a r i o u s  i n v e s t i g a t i o n s .  D e s p i t e  a l l  t h e  c i rcumstances,  growth, develop- 

ment and d e c l i n e  are n o t  only similar,  bu t  by and l a r g e  t ake  t h e  same course.  

'See: Boigey, Precepts  and Maxims of Phys ica l  Education (Prgceptes  e t  
Maximes d'Education physique) 2, P a r i s ,  1920. 
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